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ABSTRACT 
The geology of 465 square kilometers adjacent to the confluence of the 
Ye llowstone and Missouri Rivers in northwestern McKenzie C;:mnty, North Dakota . 
was mapped and the following interpretations were made. During late Pliocene or 
early Pleistocene time, the Yellowstone River deposited gravel (unit A) containing 
chert and volcanic and plutonic rocks; the upper surface of the gravel is about 
90 meters above the present flood plains of the Yellowstone and Missouri Rivers. 
Subsequent downcutting was interrupted by a glacial advance that deposited sedi-
ment (unit B) across the entire area. The glacier dammed the Yellowstone River, 
forming a lake in which evenly bedded silt and clay (unit C) were deposited. As 
the glacier retreated, a series of outlet channels drained the lake. Yellowstone 
• drainage was r e -established and gravel (unit D) derived from local bedrock was 
deposited by tributaries of the Yellowstone River. Drainage was again disrupted 
by two add itional g l acial advances that deposited sediment (units E and F) over 
the entire area . As the last glacier retreated, gravel (unit G) containing chert 
•• 
and volcanic , plutonic , and carbonate rocks was deposited in a series of meltwater 
channels. The upper surface of this gravel is graded to about the level of the 
lowest terrace along the Yellowstone River. This terrace is underlain by grave l 
of unit G. Renewed downcutting established the present flood plains of the 
Yellowstone and Missouri Rivers and their tributaries • 
• 
• 
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INTRODUCTION 
1he geology of 465 square kilometers in northwestern McKenzie County, North 
Dakota (T . 151 N. to T. 152 N.; R. 102 W. to R. 104 W.) (Fig. 1) was mapped 
during the summer of 1973. The sediment exposed in this area is described in 
this paper and a historical interpretation of the area is presented. My loca l 
conclusions are related to the regional conclusions of Alden (1932) and Howard 
(1 960 ), who mapped large areas of eastern Montana and western North Dakota . 
METHODS OF STUDY 
Aerial photographs and 7~ minute topographic maps (1 :24,000, contour interval 
20 feet) were used for base maps, and the soil map of McKenzie County (Edwards, 
1942) was used as a reference source. All section-line roads were traveled and 
much of the area was covered on foot. Numerous exposures were examined and 
described, and samples were collected from many. Where exposures were sparce, a 
hand auger was used to obtain samples. 
A geologic map of the area was compiled at a scale of 1:63,360 (Pl. 1). 
Lithologic contactsindicated by a solid line are within 0.1 mile of the actual 
contact. Contacts indicated by a dashed line are commonly more than 0.1 mile 
from the actual contact. Many of the contacts are observable on aerial photographs. 
Samples of glacial sediment were analysed to determine the grain size and 
the lithology of the coarse-sand fraction (1 mm to 2 mm). Samples of gravel were 
analysed to determine the lithology of the pebble fraction (8 mm to 19 mm). 
Locations of all sample sites are listed in Appendix A and some of the pertinent 
outcrops are described in Appendix B. Grain size (s and - silt-clay) was determined 
using the sieve-pipette method employed by the North Dakota Geological Survey. 
Seve nty-five samples were analysed and the results are tabulated in Appendix C. 
• The lithology of the coarse-sand fract ion was determined using a binocular 
microscope and separating the grains into three categories: crystalline (i gneous 
• ' " 
• 
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• and metamorphic rock types), carbonate (limestone and dolomite ), and shale. 
• 
' 
• 
Seventy-five samples were examined and an average of 200 grains from each sample 
was counted. The results are tabulated in Appendix C. The 8 nnn to 19 mm fraction 
of gravel was used because fractions of smaller sizes were biased by the absence 
of l ess resistant sedimentary rocks and the fractions of larger sizes were biased 
by the small number of pebbles . Pebbles were separated into eight categories: 
chert, quartzite, plutonic (granite and granitic rocks), vo~canic (andesite, 
rhyolite, and basalt), limonitic, carbonate (limestone and dolomite), sedimentary 
(shale and siltstone), and "scoria " (Appendix D) . A minimum of 300 pebbles was 
counted in each of 17 samples. At least 300 pebbles are needed to give the least 
acceptable variation between sample s of the same gravel collected at a single 
outcrop . 
DESCRIPTION OF LITHOSTRATIGRAPHY 
Twelve lithostratigraphic units were recognized within the study area (Fig. 
2). Two of these units, the Tongue River and Sentinel Butte Formations, are 
formal stratigraphic units and were mapped as a single unit, the Fort Union Group . 
The remaining ten units are informal stratigraphic units (unitsA, B, C, D, E, F, 
G, H, I, and J). Four of these units (units B, C, D, and I) are not present on 
the geologic map (Pl. 1) becaus e of their restricted occurrence and thinness. 
Lithostratigraphic units below the Fort Union Group are not exposed at the 
surface in the study area. A stratigraphic cross section of the bedrock under-
lying the area was constructed using radioactivity logs obtained from three wells 
( Pl. 2). 
Fort Union Group 
The Fort Union Group (Paleocene ) is exposed in bluffs 30 to SO meters high 
along the Yellowstone and Missouri Rivers and in numerous valleys throughout the 
• 
• 
Cross Sect ion wi dths 
approximately 8 
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kilom eters. 
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• study area. The Tongue Rive r Formation, predominantly yellow in color, occur s in 
the western half of the area, and the Sentinel ~utte Formation, predominantly gray 
in color, occurs in the eastern half of the area. Royce (1967) mapped the contact 
between the Tongue River a nd Sentinel Butte Forma tions (Pl. 3), a nd it genera lly 
• 
agrees with my obse rvat ions . 
A topographic map of the uppe r surface of the Fort Unio n Group was construc t ed 
(Pl. 3), using data obtained from conta cts drawn on topographic maps. A high area, 
trend ing northeast-southwest , occurs in the center of the eastern part of the 
study area. A low area north of this upland appears to para llel the present 
valleys of the Yellowstone and Missour i Rivers, and within this pa pe r will be 
inf orma lly called the Yel lowst one low. A low area south of the upland appears to 
pa ralle l the valley of Camp Creek and the lower part of Charbonneau Creek , thi s 
will be informally called the Charbonneau low • 
No sections were measur ed and described in the Fort Union Group , but a few 
beds appeared to be traceable throughout the study area. Electric logs obtained 
from wells in the northeas tern corner of the area indicate that unique electric-
l og characteristics can be traced over a distance of 20 kilome t ers . 
Unit A 
Uni t A consists of sand and gravel. The sand is medium gra i ned , moderate l y 
sorted, and consists of quartz fragments (80 to 90 percent ) and lithic fragments 
(10 to 20 percent ). The sand occurs above and below the gravel and is i nterbedded 
with it. The sand underly ing the gravel ranges in thickness from 1 to 3 meters . 
Sa nd locally overlying the gravel ranges in thickness from 1 to 17 meters. The 
grave l consists of medium to coarse pebbles , which are well rounded. The gravel 
is heavily iron st ined, giving it a distinct rusty-brown color. The pebbles are 
• predominantly chert and plutonic and volcanic rocks (Table 1). Carbonate rocks 
are genera lly absent, and nowhere exceed 2 percent of the gravel. Petrified 
• 
• 
• 
• 
Table L Average Lithology of Gravel 
Uni t No. of * Pebble Lithology(%) 
Samples Qtz . Plu. Vol. Chert Cb. Sed. Lim. Scoria 
G 4 3 20 14 32 27 . 1 1 1 
D 5 0 12 5 19 2 21 32 7 
A 6 7 23 16 49 0 2 1 2 
>'c Qtz. (quartzite), Plu. (p lutonic), Vol. (volcanic), Cb. (carbonate), Sed. 
(sedimentary), Lim. (limonitic) 
7 
8 
• wood and Montana agate commonly occur in the gravel, The pebbles are generally 
imbri~ated and dip southward. 
• 
• 
As ob served in outcrops , unit A over lies the Fort Union Group and underlies 
units E and F. This unit i s known to underlie unit B because rock types occur-
ring in the gravel of unit A are found in the sediment of unit B. 
Unit A oc curs between the Yellowstone and Mis s ouri Rivers and Charbonneau 
Creek . This unit generally a ppears to be restricted to the Yellowstone and Char-
bonneau lows, occurring on the uppe r surface of s ediment of the Fort Union Group . 
In the Yellowstone low, the upper surface of the gravel of unit A i s about 90 
meters above the present flood plains of the Yellowstone and Missouri Rivers. I n 
t re Charbonneau low, the upper surface of the gravel is 10 to 30 meters l ower than 
the surface of the gravel in the Yellowstone low. The variation i n surface eleva~ 
tion and thickness of this sediment (Pl • . 4 ) is the result of glacial erosion . The 
average thickness of s ediment of unit A is 10 to 30 meters. 
Unit A consists of fluvial sediment. The lithology of the gravel of uni t A 
suggest it was deposited by the Yellowstone River rather than the Mi ssouri River, 
because gravel deposited by the Yellowstone river contains abundant quartz ite, 
volcanic rock, and chert. Grave l deposit ed by the Missouri River contains abundant 
quartzite, chert, and quartz ( Howard, 1960, p. 19). 
The regional extent of unit A is unknown. The a ge of unit A is uncertain, 
but it is probably l ate Pliocene or early Pleistocene. This age is suggested 
because no glacial sediment has been found beneath unit A and the absence of 
carbona te pebbles in the grave l strongly suggests that no gl ac ial sedi;:nent was 
present in the area at the t ime of the depos i t ion of unit A. If t he area had bee n 
glaciated, carbonate pebbles brought from the north or northeast would be present 
and abundant carbonate pebbles should occu r in the gr avel. 
Alden (1932, p . 51) recogn i zed a surface, the No • . 2 bench, occurring along 
• 
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rivers and streams throughout eastern Montana and western North Dako ta . He s ug-
gested an early Pleist ocene age for the No. 2 b ench ( 1932, p. 44) . Within the 
study area, the gravel of unit A und er lies this bench. 
Howard ( 1960, p. 51) recognized the grave l in unit A and named it the 
"Cartwright Gravel " after exposur es (GG-40?) a long a road 5 to 6 mile s north of 
the town of Cartwright in northwestern McKenzie County, North Dakota . He 
defines the " Carti:rrigh t Grave l" as belts and patches of gravel marking either 
higher l eve l s of present streams or the paths of former streams . He states (1960, 
p. 19) that the lighol ogy varies dep ending on whether the gr avel was deposited by 
che Yellowstone or Missouri Rivers. The 11 Cartwright Grave l" occurs along the 
Missouri, Little Missouri, and Yellows tone Rivers and along numerous streams in 
eastern Montana and western North Dakota. 
Unit B 
• Unit B consists of pebble-loam and minor amounts of interbedded gravel and 
s and. The term "pebble- lo am" is defined as s ediment compos ed of near ly e qua l 
amounts of sand , silt, and c l ay that contains pebbles , cobbles , and boulders. 
Pebbl e-loam is the des cript ive equivalent of the term " till . " Till is not 
us ed in this paper becaus e of its combined de scriptive and genetic definition. 
In the study area, the genet ic equivalent of pebble-loam is g lacial sediment. 
The pebb l e: loam of unit Bis light gray to light yellow in color and is very 
hard, Iron-stained j oints cause the pebbl e -loam to break into small, irregul ar 
chunks or large , blocky chunks when disaggregat ed . The pebb le-loam conta ins 
abundant carbonate peb bles, pebbles from the Fort Union Group (lignite , siltstone, 
limoniti c concretions , and 11 s coria11), and a few shale pebbles . The gr a in size 
and coarse-sand l ithology of unit Bare shown in Table 2 . 
Sedirr,.~nt of unit B was found in three outcrops. Its average thickness is 
3 meters . In these outcrops it unconformably overlies the Fort Union Group and 
und er l ies unit E. The contact b e tween units B and E is gradational. Unit B i s 
10 
• 
Table 2. Average Grain Size and Coar se Sand Lithology of Pebble-loam 
Unit No. of ·kGrain Size ~·.7,Coar se Sand Lithology 
Samples (S d-St-Cy)% (Cr-Cb-Sh)% 
F 14 28-39-32 77-21-4 · 
E 56 24-39-37 62-34-4 
B 5 27-40-32 54-25-20 
* Sd (s and ), St ( silt), Cy (clay ) 
-:<i, Cr (crystalline), Cb (carbonate), Sh ( s h ale ) 
• 
• 
11 
• known to over.lie unit A because rock types occurring in gravel of unit A a.re found 
in pe15ble-loa.m of unit B. The reason for placing unit B b e neath unit C will be 
discussed in the historical interpretation of these units. 
• 
Unit B consists of glacial sediment and a minor amount of fluvial sediment. 
Pebble-loam of unit Bis correlated with the " early Wisconsinan drift" described 
b y Howard (1960, p. 27-36). This correlation is based on outcrop characteristics 
and lithology of the coarse sand of unit Band the " early Wisconsinan drift" 
occurring in Jones cut, a railroad cut 8 kilometers north of the study area. 
Howard described (1960, p. 98-101) the outcrop in detail and called the lowermost 
pebble-loam the "early Wisconsinan drift,n which he mapped as the surface sedi-
ment over most of northwes tern McKenzie County. However, this pebble-loam is 
not the surface sediment over this area. Pebb le-loam of units E and Fis exten-
sively exposed at the surface • 
The age and regional extent of unit Bis not known. Based on my field obser-
vations, sediment of unit B appears to be similar to the sediment of the Medicine 
Hill Formation of c entral North Dakota (Ulmer and Sackreiter, 1973). 
Unit C 
Unit C consists predominant ly of evenly laminate d silt and c lay . Laminae 
o f sand an_sl beds, as thick as 3 cm, of fine gravel consisting of siltstone, lignite, 
and limonitic concretions are interb edded with the silt and clay. The laminae 
are v ery di s tinct. In some places they are slightly contorted. Lignite fragme nts 
and iron staining commonly occur along the bedding planes. 
This unit was found in two outcrops along Charbonneau Cr eek. The base of 
the unit was not exposed, but outcrop thickness was about 8 meters. Unit C 
underlies unit D and the contact is eros ional. Unit C overlies unit B; this 
• r e lat ion is discussed in the historical interpretation of these uni ts. 
• 
• 
• 
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Unit C consists of lacustrine sediment . The age and regional extent of this 
unit is unknown. The relation of sediment of unit C to sediment deposited in 
glacial Lake Gl endive in eastern Montana (Howard , 1960, p. 81-83) is not known. 
Unit D 
Unit D consists of gravel and minor amounts of sand, silt, and clay. The 
lower part of this unit is poorly sorted gravel consisting of fine to medium 
pebbles. The pebbles are predominanly limoni tic concre tions, sedimentary rocks, 
and "scoria," (Tabl e 1) all of which are locally derived from the Fort Union· 
Group. The gravel is interbedded with and overlain by sand, which is fine to 
medium grained and moderate ly sorted. The sand consists of quartz fragments 
(60 to 80 percent) and lithic fragments (20 to 40 percent). The sand becomes 
finer grained upward and is interbedded with and overlain by silt and clay. The 
silt and clay are evenly bedded and contain laminae of lignite fragments . 
The thickness of unit D ranges from 2 to 5 meters . In outcrops, unit D 
overlies unit C and underlies unit E. 
Unit D occurs in the Charbonneau Creek valley. The upper surface of this 
unit is very irregular and ranges from 7 to 20 meters above the present flood 
plain of Charbonneau Creek . The base of this unit slopes toward the west. 
Unit ·n consists of fluvial sediment probably deposited by a tributary of 
the Yellowstone River. Large numbers of pebbles in the gravel were derived from 
the Fort Union Group, suggesting that the tributary had a local drainage basin. 
Many of the pebbles are soft shales, siltstones, and mudstones, whi ch could not 
be transported very far. The age and regional extentof unit Dis not known. 
Unit E 
Unit E consists of pebble-loam and minor amounts of interbedded silt, sand, 
and gravel . The pebble-loam is dark brown, friable, and in some places contains 
pencil-sized , columnar joints. At some outcrops, the pebble-loam appears to have 
13 
• a granular tex ture, consisting of closely packed spherical particles. The pebble-
loam C'ontains abundant carbonate pebbles and very few volca nic pebb l es , cher t~ 
shale pebbles, or pebbles de rived from the Fort Union Group. The grain size 
• 
and coarse-sand lithology of u nit E are shown in Table 2. 
Unit E overlies unit D a long Charbonneau Creek and overlies unit A on the 
upland area north of Cha rbonneau Creek. Unit E underlies unit F. This contact 
i s grada tiona l a nd nearly impos s ible to pick in the field unless a boulde r l a g 
occurs between the t wo unit s . 
Unit E occurs at the surface or unde rlies unit F throug hout the study area, 
but its regional extent i s unknown. The thickne ss of unit E ranges from 1 to 8 
meters. 
Unit E consists of glacial sed iment and a minor amount of fluvial sediment. 
The age of this unit is unknown. Based on my field observations, unit E appears 
to be similar to the sediment of the Horseshoe Val l ey Forma ti.on of central North 
Dako ta (Ulmer and Sackre iter , 1973). 
Unit F 
Unit F consists of pebble-loam and minor amounts of inter bedded gravel , sa nd, 
and silt. The pebbl e -loam contains penc il-sized , columnar joints and appears to 
have a gra~ular tex ture in some outcrops . It is friable and dark brown in co lor . 
The pebble-loam contains a bundant carbonate pebbles and very few volcanic pebbles , 
chert, shale pebbles, or pebbles derived from the Fort Union Group. The gra in 
size and coarse-sand lithology of unit Fare shown in Table 2. 
The contac t between unit F and the underlying unit Eis gradational and 
near ly impos s ible to dete rmi ne unless a boulder lag occurs at the contact . A 
Boulder l ag was found in the northwest corner of the study area (Ap pendix B: 
• G-1, G-3) and commonly contains crystalline , carbonate , and sand s tone boulders . 
Some of the boulders are striated in a northeast - southwes t direction. While 
• 
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mapping, I was generally unable to differentiate units E and F, so I mapped them 
as a single unit . 
. \ 
The sediment of unit F underlies sediment of unit G, but throughout most of 
the study area , sediment of unit F occurs at the surface . The thickness of unit 
F ranges from 0. 5 to 2 meters. Li neations occurring on the upland north of 
Charbonneau Creek are composed of pebble-loam and minor amounts of sand and 
gravel of unit F . Colton (1958) called these features ice-crack moraines . He 
suggested (1958, p. 105 ) they were formed by plastic glacial sediment being 
forced into overlying, stagnating i ce , a situation similar to the formation of 
elastic dikes . These lineations are washboard moraines, which were formed by 
overriding and shearing of ice along the base of an active glacier (Clayton and 
Moran, in press ). Within the study area, the washboard moraines trend northwest-
southeast . Their orientation suggests a glacial advance from the northea st. 
• This agrees with the northeast-southwest striations on the boulder lag underl ying 
sediment of unit F. 
• 
Unit F consists of glacial sediment and a minor amount of fluvial sedimen~ 
The sediment of unit F was deposited by a glacier advancing from the northeast . 
Pebble-loam of unit Fis cor related with the "middle Wisconsinan drift " described 
by Howard (1960, p. 34-36). This correlation is based on outcrop characteristics 
-
and coarse-sand lithology of unit F and the "middle Wisconsinan drift" recognized 
by Howard. He incorrertly stated (1960 , p. 31) that the drift was not identified 
south of the Missouri River valley . Sediment of units E and F were mapped as the 
surface sediment over most of the study area . 
The age and regional extent of unit Fis unknown . Based on my field obser -
vations, sediment of unit F appears to be similar to sediment of the Snow School 
Formation of central North Dakota (Ulmer and Sackreiter, 1973) . 
• 
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Unit G 
Unit G consists of gravel, sand, and silt. The gravel is poorly sorted and 
contains carbona te, volcanic, and plutonic rocks , and chert (Table 1). The amounts 
vary but the proportion of carbonate pe bblesis generally greater than 10 percent. 
The pebbles are generally coated with calcium carbonate . The gravel is inter-
bedded with and overlain by sand containing mostly quartz fragments (80 to 90 
percent), but in some places lithic fragmen ts are abundant (30 to 40 percent). 
Generally silt is interbedded with the sand. The average tnickness of unit G · 
is 11 meters . 
Along Charbonneau Creek, the upper surface of the gravel of unit G is about 
13 meters above the present flood plain of Charbonneau Creek. This distance 
increases to 33 meters in some places, depending on how much the surface has 
been truncated. This surface occurs only on the north side of the creek and 
• appears to have been formed by streams flowing south into the Charbonneau Creek 
valley. Hhere gravel of unit A outcrops in the source area of unit G, the car-
bonate rock content decreases to 2 percent, and it is difficult to differentiate 
• 
the gravel of the two units. 
Along the Yellowstone River, the upper surface of the gravel of unit G is 
about 13 meters above the present flood plain of the Yellowstone River. The 
distance ranges from 3 to 13 meters depending on how much the surface has been 
truncated . This gravel is moderately sorted and contains about 5 percent car-
bonate rock. 
Unit G consists of f l uvial sediment, closely associated with the last glacial 
retr:eat in the area . The age and regional extent of this unit is not known. 
Alden (1932 , p . 59) recognized a surface, which he called the No . 3 bench, 
occurring along rivers and streams throughout eastern Montana and western North 
Dakota . Within the study area, the upper surface of gravel of unit G coincides 
• 
• 
• 
with the No . 3 bench. Alden stated that the No. 3 bench was underlain by the 
glacial sediment occurring in the area (1932, pl. 1). This agrees with my 
observations. 
Howard (1960, p 21-22) recognized the gravel of unit G and called it the 
16 
"Crane Creek Gravel" for ex posures along Crane, Greek, near the town of Crane in 
Richland County, Montana. He described it as gravel capping the broadest terrace 
along the Yellowstone River, which occurs 5 to 17 meters above the present flood 
plain. He stated that the "Crane Creek Gravel" occurs in 3 ·places along the 
Missouri River and that the lithology of the gravel varies depending on whether 
it was transported by the Yellowstone or Missouri Rivers (1960, p. 22-23). The 
"Crane Creek Gravel" underlies the glacial sediment in northwestern McKenzie 
Count~ according to Howard ( 1960, pl. 1). Based on outcrops along the Yellowstone 
River and Charbonneau Creek, the "Crane Creek Gravel" and sediment equivalent to 
i t truncates or overlies all the glacial sediment in this area. 
Unit H 
Unit H consists of medium- grained to coarse-grained silt. It is dark brown 
and contains columnar joints. Pebbles are generally absent except wher e the silt 
has been reworked by animals . A dar k-gray layer containing abundant organic 
debris occurs near the base of the silt and is traceable in the western and 
southern part of the area . The dark layer is 6 to 12 cm thick and generally 
occurs a bout 0.7 meters below the present surface. 
The silt of unit H occurs throughout the study area except on the prese nt 
flood plains and lower terraces. It is draped over the pre-existing topography. 
The thickness of this unit ranges from 0 . 2 to 1 meter. It is thickest where it 
overlies pebble-loam and thinnest where it overlies gravel. The Williams soils 
that cover most of the upland area north of Charbonneau Creek (Edwa rds, 1942) 
are generally developed on silt of unit Hand not pebble-loam of units E or F. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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• According to Edwards (1942, p. 3L~), Williams soils develop from glacial sediment 
and n.o mention is made of nonglacial sediment . 
• 
• 
Unit H consists of wind-blown sediment. It is correlated with the Oah e For-
mation of North Dakota (Clayton and others, in preparation) . The gray layer near 
the base of unit H possibly correlates with the lower part of the Riverdale 
Member. The Riverdale Member was deposited during late Holocene time (Clayton 
and others, in preparation). 
Unit I 
Unit I consists prediminantly of light to dark brown silt, which is vaguely 
bedded and contains abundant organic debris. It is interbedded with dark-gray 
clay, poorly sorted sand (50 to 80 percent quartz fragments and 20 to 50 percent 
lithic fragmen t sl and gravel containing carbonate, volcanic, and plutonic rocks, 
limoni tic concretions, and quartzite . The gravel is poorly sorted and is 
heavily coated with calcium carbonate . In a few depressions within the study 
area, unit I consists of dark-gray, silty, sandy clay that is massive . Unit I 
ranges in thickness from 2 to 5 meters. Farland, Cheyenne, and McKenzie soils 
(Edwards, 1942, p . 38-41, 74) typically form on the exposed sediment of this unit. 
Unit I consists of colluvium and alluvium associated with terraces and allu-
vial fans along Charbonneau and Camp Creeks and the Ye l lowstone and Missouri 
Rivers. This unit is probably Ho l ocene in age. 
Unit J 
Unit J consists predominantly of c lay and silty clay which is vaguely bedded 
and contains abundant organic debris . It is commonly interbedded with silt, sand, 
and gravel . The sand is fine to medium grained, and quartz fragments are more 
abundant than lithi c fragments. Sedimentary structures such as planar bedding 
and small and large scale curved cross-stratification are found in the sand • 
The gravel contains carbonate, limonitic, volcanic, and plutonic rocks and quartzite . 
18 
~ Cherry, Havre, and Banks soils (Edwards, 1942, p. 45, 46, 54) typically develop 
• 
• 
on the exposed sediment of this unit. 
In outcrops, unit J ranges in thickness from 1 to 5 meters. Borings from 
railroad bridges across the Missouri River near Nobly, Montana, and across the 
Yellowstone River near Cartwright, North Dakota, indicate that (Howard, 1960, 
p. 71) sediment of the Fort Union Group occurs about 8 meters below the surface. 
Both of these brid ges are near v er ti cal bluffs of sediment of the Fort Union 
Group. The rivers are actively eroding these bluffs, so 8 meters probably does 
not represent the true va.lleydepth of the Missouri and Yellowstone Rivers. 
Unit J consists of alluvium occurring in the present valleys of the Yellow-
stone and Missouri Rivers and their tributaries. 
HISTORICAL INTERPRETATION 
Evidence for several stages in the evolution of the Yellowstone River 
drainage system was found in the study area. During late Plioce ne or early 
Pleistocene time, the Ye l lowstone River flowed northward over a surface about 
90 meters above its present flood plain. Subsequent downcutting was inter-
rupted by a glacial advance that dammed the river, forming a lake . The lake was 
drained by several outlet channels and the Yellowstone drainage was re-est ab lished. 
Two additional glacial advances disrupted the drainage. Meltwater channels were 
formed as the last glacier retreat ed . This me ltwater deposited gravel whose 
upper surface is graded to th e level of the lowest well-developed terrace a.long 
the Yellowstone River. Renewed downcutting established the pres ent flood plains 
of the Yellowstone and Missouri Rivers and the ir tributaries. 
During late Pliocene or early Pleistocene time, the Yellowstone River flowed 
northeast into Hudson Bay (Bluemle, 1972, p. 2189). Within the study area, the 
river flowed over a sur fa ce a.bout 90 meters above the present flood plain, depositing 
• 
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sand and gravel of unit A. The valley occupied by the river during this time 
was ?SSociated with the Yellowstone low. The lithology of the gravel of unit 
A is very similar tothe lithology of gravel being deposited in the Yellowstone 
River today. This suggests that the drainage basin of the Yellowstone during 
late Pliocene or early Pleistocene time was very similar to the present Yellow-
stone drainage basin. 
The ear liest glacial advance in the study area is represented by pebble-
loam of unit B. The pebble-loam contains abundant fragments of lignite, silt-
stone, limonitic concretions, and "scoria" from the Fort Union Group. This 
suggests that the Fort Union Group was extensively exposed to glacial erosion 
during this time . The occurrence of shale fragments from the Pierre Formation, 
which outcrops north and northeast of the study area, suggest that bedrock was 
exposed outside the study area. The exposure of bedrock to glacial erosion 
• suggests that no thick gl acia l , sediment existed in or around the study area. 
• 
Whether. the glacier that deposited pebble-loam of unit B was the first to advance 
into the area, or if it fol lowed a period of erosion during which pre-existing 
glacial sediment had been removed, is not known. 
The glacier dammed the river forming a lake in which silt and clay of unit 
C was deposited. The thickness of unit C, 8 meters , indicates a persistant 
lake. The only way such a lake can forll'. in the Yellowstone valley is by darrnning 
of the river. This damming was done by a glacier. Pebble-loam of unit B 
r epresents the earliest known glacier, so it seems logical to assume that this 
glacier dammed the Yellowstone River forming the lake in which silt and clay 
of unit C were deposited. The relation of this sediment to sediment deposited 
in glacial Lake Glendive in ea.stern Montaoa is unknown. 
Consid erable downcutting by the Yellowstone River preceded the g lacial 
damming of the river. The position of the Yeliowstone at this time is not known, 
but it was considerably lower than the upper surface of unit A. In some outcrops, 
I 
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• pebble-loam of unit B occurs only 7 meters above the present flood plain of the 
Yellowstone River (Fig . 2) . Une rod ed sand and gravel of unit A underlies pebble-
loam 90 meters above the pres ent flood plain suggesting that glacial erosion was 
not resposible for the variation in elevation. The upper surface of unit C 
occurs about 10 meters above the present flood pla in of the Yellowstone, further 
suggesting that downcutting by the river preceded the glacial damming of the 
• 
• 
river. 
As the glacier retreated, numerous pre-existing valleys were uncovered and 
acted as outlets for the lake. One of these outlets, in the southeast corner 
of the study area, is a broad channe l associated with the northeast-southwest 
trending Charbonneau low and comparable in width to narrow par ts of the Missouri 
River trench. Within this channel, sand and gravel of unit A underlie . gl acial 
sediment of units F and E. It is not known whether this sediment was redeposited 
as the lake drained through the outlet channel after deposition of pebble-loam 
of unit B or if pebble-loam of unit B was removed by erosion and the channel 
was eroded into pre-existing sediment deposited by the Yellowstone River prior 
to the glacial damming. 
After the glacier r e treated and the lake drained, the Yellowstone River drain-
age was re-established. Tributaries of the Yellowstone deposi ted grave l of unit 
Don top of silt and clay of unit C in the Charbonneau Creek valley. The gravel 
consist s predominantly of siltstone, limonitic concretions, and 11 scoria, 11 all 
locally derived from the Fort Union Group. This tributary flowed westward because 
the base of the gravel of unit D slopes toward the west. 
The re-established drainage of the Yellowstone River was interrupted by 
two additional glacial advances. The pebble-loam deposited by these advances 
(unit E and F) are very similar, suggesting that much of the pebble-loam of unit 
E was incorporated into the pebble-loam of unit F. The scarcity of fragments 
of lignite, siltstone, limoniti c concretions, a.nd 11 scoria11 from the Fort Union 
• 
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Group and fragments of shale from the Pierre Formation suggest that bedrock was 
not ,extensively exposed to gl acial erosion at the time of these advances. 
No directional indicators associated with the deposition of unit E were 
found, but it is reasonable to assume that this glacier advanced from the north 
or northeast. The glacier whi ch deposited pebble-loam of unit F advanced from 
the northeast . The orientation of washboard moraines composed of sediment of 
unit F and striations on a boulder lag occurring beneath pebble-loam of unit F 
suggest an advance from the northeast . 
As the last glacier retreated, meltwater eroded channels and deposited gravel 
of unit G on the upland area north of Charbonneau Creek . These north-south 
trending channels slope toward the south and were eroded into the pebble-loam of 
unit F. Two of these channels are very well preserved (Fig . 3). The base of 
the eastern channel has a.n elevation of about 730 meters near its southern end . 
• The base of the western channel has an elevation of about 713 meters near its 
• 
northern end. The difference in elevation is probably a result of stagnait 
ice blocking the drainage. The eastern channel formed first and as the ice 
melted, the western channel was formed. The western channel is deeper than the 
ea.stern channel, suggesting that it was used more. Initially the southern part 
of the western channel trended southeast through sec . 9 , 15, 16, 24 and 23, 
T. 151 N., R. 103 W. Its position shifted and the channel trended southwest 
through sec . 8, 17, 19, and 30, T. 151 N., R 103 The meltwater deposited 
gravel of unit G that underlies a surface about 13 meters above the present 
flood plain of Charbonneau Creek. The surface, underlain by gravel of unit G, 
is found only on the north side of the creek . 
As the drainage of the Yellowstone was again re-established, the river 
deposited gravel of unit G. The upper surface of this gravel forms a terrace 
about 13 meters above the present flood plain of the Yellowstone River and is 
the lowest wel l-developed terrace (Howard, 1960, p . 21) along the river . This 
terrace appears to be graded to the l evel of the surface which was formed by 
• 
• 
• 
Figure 3. Meltwater channels in northwestern McKenzie County, 
North Dakota. 
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meltwater about 13 meters above the present flood plain of Charbonneau Cr eek • 
This suggests that the lowes t well-developed terrace along the Yellowstone River 
developed as the last glacier in the ar ea retreated . 
During Holocene time, the climate b e came warmer and drier . Eolian activity 
occurred. Wind-blown silt of unit H was deposited on the uplands and lowlands 
of the study area. The silt was probably derived from glacia l outwash pl a ins. 
Sand dunes occur in sec . 26 , 35, and 36, T. 152 N., R. 102 W. These dunes a.re 
now inactive and covered with vegetation . Many of the large valleys in the 
study area are now occupied by small intermittent streams such as Camp Creek , 
which occurs in the large valley in the southeast corner of the study area. 
Renewed downcutting, during the Holocene , establ i shed the present flood plains 
of the Yellowstone and Missouri Rivers and their tributar ies about 13 meters 
be low their lowest well - developed terraces . 
SUMMARY 
During late Pliocene or early Pleistocene time , the Yellowstone River 
deposited gravel of unit A containing chert and volcanic and plutonic rocks . 
The upper surface of thi s gravel is about 90 meters above the present flood 
plains of the Yellowstone and Missouri Rivers. Subsequent downcutting was 
interruEted by a gl acial advance that deposited sediment of unit B. This 
sediment is correla ted with the "early Wisconsinan drift " described by Howard 
(1962, p . 27). This sediment i s not the surface sediment over the study area 
as indicated by Howard (1960, pl. 1). The glacier dammed the Yellowstone 
River, forming a lake in which evenly bedded silt and clay of unit C were 
deposited . As the glacier retreated, a series of outlet channels drained the 
l ake . Yellowstone drainage was re- established and the gravel of unit D, locally 
derived from the Fort Union Group, was deposited by tributaries of the Yellow-
stone River. Drainage was again disrupted by t wo additional glacial advances 
that deposited sediment of units E and F . This sed i ment is corre lated with the 
• 
• 
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"middle Wisconsinan drift" described by Howard (1960, p. 36) and occurs south of 
the "middle Wisconsinan drift" boundry indicated by Howard (1960, pl. 1). As 
the last glacier retr eated , gravel of unit G was deposited along the Yellowstone 
River and in a series of meltwater channels. Contrary to Howard (1960, p. 23), 
this gravel overlies all the glacial sediment in the area. The upper surface of 
the gravel deposited by meltwater is graded to the level of the lowest, well-
developed terrace along the Yellowstone River, suggesting that this terrace 
was deve loped as the l as t glacier in the area retreated. During the Holocene, 
the climate became warmer and drier. Wind-blmm silt of unit H was deposited 
in the study area and sand dunes were formed. Renewed downcutting established 
the present flood plains of the Yellowstone and Missouri Rivers and their 
tributaries . 
• 
• 
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Appendix A. Sample Locat ions 
• Samp l e No. -I, 
Location 
G-13 SE\SE\NW\ sec. 14 T25N R59E 
G-30 NW\NW\NWt s ec. 2 TlSON Rl0 3W 
G-17 NEtNEtNW>;; s ec. 5 
GG-49 NE\NE1;SEt sec. 12 Tl51N Rl02iiT 
G-23 NE\NW\NEJ,; sec. 17 
GG-53 SW\SW\SW\ sec. 20 
GG-52 NE\NE\SEt sec. 20 
G- 36 SWlNE\SEt s ec. 23 
G-24 · NE\NW\NWt sec . 29 
G-32 NW\SW\J:\1Wt sec. 30 
G-31 SW],;1'.t1z;NW\ s ec. 31 
G-33 SE\NE\SE\ sec. 32 
G-19 NEtNE\NE },; sec. 2 Rl0 3W 
G-20 SW1;SW\SWt sec. 2 
G-12 SW\NW\SW\ sec. 9 
G-22 NE1;SE1;SWt s ec. 14 
G-21 SW\NW\SE\ sec. 21 
GG-55 NE\NElz;NEt s ec. 27 
G-29 NW}z;SEfNE}z; sec. 28 
G-14 NW\NWtNWt s ec . 31 
G-16 NW1;SW\ SWt sec. 31 
G-18 NW1;SE\ SW1,; se c. 33 
• 
G-9 SWt SE1;SEt sec . 1 RlOLfW 
G-5 SW1;SW}z;SEt sec. 6 
G-8 SE-1z;SE1;NE1z; sec. 13 
G-10 NE1;SE1;SEt sec. 24 
GG-38 SEtSEtNEt s ec. 25 
GG-56 NElz;NEtNWt sec . 30 
G-15 SE\SE}z;SEt sec. 36 
G-37 NW\NWtSW\ s ec. 12 Tl52N Rl0 2W 
GG-47 NE\SWt SEt sec. 19 
G-28 SE\SE\ SWt sec. 21 
GG-45 SWtsW\NW\ sec. 28 
G- 25 NEtNWtNWt sec . 32 
G-2 6 NW\NWtNE\ s ec. 27 Rl03W 
GG-40 - NWtSE\SWt sec. 31 
G-7 NW\SE\SWt sec . 31 
G-11 SEtSW\SE\ sec. 32 
G-27 SEtNE\NW\ sec. 34 
G-2 NW\NWtNW\ sec. 29 Rl04W 
G-1 NE\J:\1W\NWt sec. 29 
G-3 SEt SE\ NE t sec . 30 
G-4 SE\ SEt NE t sec. 30 
G-6 SWtsW\NEt sec. 36 
--).; G(pebble-loam or pebble-loam and gravel s amp les) 
GG(gr avel samples) 
• 
• 
• 
• 
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Appendix B. Section Descriptions 
G-1 l\TE\NW\NW\, sec . 29, TL52N, Rl04W Cut along west side of canal 
--,N 
Section Unit 
G-1 (a ) I 
H 
H 
E 
B 
G-1 (b) I 
F 
F 
E 
D? 
D? 
D? 
(().) 
\ 
I 
Cove re.d 
Deeth from 
surface (ft.) 
0 - 3 
3 3 . 5 
3 . 5 - 5 
5 - 9 
9 - 17 
0 - 2 
2 - 6 
6 - 6.1 
6 . 1 - 11 
11 - 12 
12 15 
15 - 16 
*Descrietion 
Sandy silt , poorly sorted with some 
shell fragments 
Black layer with abundant organic . 
debris 
Silt, medium to coarse grained, no 
pebbles, yellow 
Pebble-loam, coarse sand (61-36-3), 
few pebbles: Cb}Cr>r'Sh, granular 
texture, gray brown 
Pebble-loam, coarse sand (5 8-24-81 
abundant pebbles : Lig + Lim> Cb 
+ Cr, poor jointing, yellow brown 
Same as above 
Pebble-loam, coarse sand (73-27-0), 
few pebbles: Cb)Cr>) Sh, fine 
columnar jointing, gray brown 
Boulder lag, Cr+ Cb boulders, stri-
ations trend NE - SW 
Same as above 
Clay , l aminated , brown 
Silt and sandy clay, laminated, lignite 
fragments and iron staining common 
along bedding planes 
Gravel, poorly sorted, siltstone, 
shale, and sandstone pebbles 
• 
• 
• 
G-3 SEtSE\NEt, sec . 30, T152N, R104W 
co.) 
Cut on north side of creek 29 
Section Unit 
G-3 (a ) F 
F 
E 
Depth from 
surface (ft) 
0 - 10 
10 10. 2 
10.2 - 15 
' . '? . . . 
' ' ' . ' ,' . ,' . . 
o· . . . .. , , . 
O 6: 0 ~ O '~ • ~ • 0 0 0 , 0 : d. , o 
o .o. · 0 • o•e · · .o· 0 · a· 
o • o·o:oo.-;,, •to. O · 
,'•Des cription 
Pebble-loam, coarse sand (70-23-7), 
crumbly, few pebbles: Cr)Cb>) Sh 
gray brown 
Boulder lag, Cb, Cr,+ sandstone 
boulders , striations trend NE - SW 
Pebble-loam, coarse sand (57-35-8), 
crumbly, few pebbles: Cr) Cb)}Sh, 
gray brown 
G- 8 SEtSEtNE}z;, sec. 13, T151N, RlOl~ W Cut on north side of road 
co.) 
Section 
G- 8 (a) 
- ~ _ .. 
ti-· 
r 'o·~ :' • . ·o·v· o o.A· ., o. o.o o -'o 0.. 'a 
l"o"t"t V"'ion · o O O "'"o·o·o· 0 'o · o·o·o·oo · 
o - , a . . . , o, . o . t> o . ti. • 0 . ' £) o . 0 0 . o . G • "'(/, 0 O ·.., O O C ·,. 
c-ovp ·0 · o o·a"JO o o,·o. "o 
Unit Depth from 
surface (ft.) 
H 0 - 3 
F 3 - 3.5 
F 3.5 - 11 
A 11 - 12 
A 12 - 26 
A 26 - 31 
· · ' · · .. ~. o O • ~ a ·o · 
.,.,Description 
Silt, coarse grained, few pebbles 
associated with burrows, vertical 
joints 
Pebble-loam, crumbly , white streaks., 
grunjy zone 
Pebble-loam, coarse sand (60-34-6), 
compact, pebbles : Cb)Cr)Sh)Vol 
+ chert, gets sandier downward 
Sand, fine to medium grained, moderately 
sorted, planar bedding, fragments: 
quart~lithic 
Gravel, sandy , iron stained, well 
rounded , pebbles : Chert)Vol)Plu) 
Qtz 
Sand, medium grained, moaerately 
sorted, fragments: quartz) lithic 
• 
• 
• 
G-14 NW\NW\NW\, sec . 31, Tl51N, Rl03W 
•• - • <.? • •••••• o . : "-. ·c;; : .. ~- •. •. : 0 . 
\/ I \ / /r \./ 
" "' "'-o" ~ b b () ~ C, 0 J> .o 0 o 0 
• " 0 0 b 0 0 . 0 0 6 Do 
. . . .o 0 C) 
Sec tion Unit Depth from 
surface (ft) 
G-14 (a ) G 0 - 3 
E 3 - 8 
E 8 - 11 
E 11 - 41 
D 41 - 42 
D l~2 - 45 
D 45 - 46 
Cut on east side of road 
Cu.) 
" 
30 
c:, cl O O 
O .<:> O 0 
Gravel , sandy, . coarse - grained sand, 
pebbles: Cher t)Vol}Plu}Cb 
Pebble-loam, coarse sand (64-30 -6), 
hard, angular chunks , pebbles: 
Cb)Cr, yellow brown 
Silt and sand, poorly sorted, yellow 
Pebble-loam, coarse sand ( 64-31-5), 
few pebbles , Cb)Cr)~Sh, compac t, 
br own gets gray downward 
Sand, poorly sorted, fragments : 
quartz ) li t hic 
Grave l, sandy, iron and manganese 
staining, some l ens of organic 
debris, pebb les : Cher~Sed=Lim> 
Plu}Scoria 
Sand, poorly sorted, fragments : 
quartz?lithic 
Oo 
<> 
G-16 NW\swtswt, sec. 31 , Tl51N, Rl03W 
(0.) 
Cut on south side of creek 
Section 
G-16 (a ) 
f 
- · - --. 
. . 
-· -· - -
- . - . 
·-. IT·-·- -· 
·. c, ·' o •U 'CJ ' , ..::,,·o," 
·O-.• . c::,,a, , c:,.d. 
- .. _._ - : ~ -- - . 
- · ---. _ 
·-Tw 
Unit Deeth from . "l'~Descrietion 
E 
D 
D 
C 
surface ( ft) 
0 - 10 
10 - 20 
20 - 25 
25 - 50 
Pebble-loam, c oarse sand (69-28-3), 
pebbles : Cb)Cr, many pebbles from 
Ft . Union Group, yellow brown 
Silt, sand, and clay, evenly bedded 
Sand, gravel , interbedded , pebbles: 
Lim>Chert7Sed>Vol=Plu 
Silt, sand, clay, l aminated, some 
cont~rted bedding, ligni te fragments 
and iron staining along bedding 
planes 
• 
• 
• 
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G-20 SEt SEt SEt, sec. 2 Tl51N, Rl03W , Cut on no.rth side of road 
'o., 
:::::=--F _ _ \.; 
\ 
I 
\/ 
8 
' 7 ' / "'-; "--. / 
-·~·. / I~;;'\. 
Section Unit Depth from *Description 
surfa ce (ft) 
G-20 (a ) F 0 - 3 Pebble-loam, coarse sand (86-14-0), 
few pebbles : Cb>Cr, granular 
texture, gray brown 
E 3 - 5 Pebble-loam, coarse sand ((>3-36-1)/ 
few pebbles: Cb> Cr, granular 
texture, gray brown 
B 5 - 12 Pebble-loam, coar se sand (54-25 -21)., 
pebbles: Cb>Lig>Lim>Sh, poorly 
jointed, ye llow brown . 
? 12 - 18 Sand, fine to medium grained, poorly 
sorted, fragments: quartz)lithic 
G-26 1M\11w\11E\, sec. 27, T152N, R103W Gravel pit on west side of road 
Co.) 
-· Ii-· 
"; '/ '1 .,,. 0 . . 14·1f> r10.-te'·r'(of··o·,ov(J_:.,-..,-. ·o 
• , _o ':'·· \\v<"o."'\~·J,0;{).o'<' .1 e_o..o C> . ;,, · ~ ·. o . .O,c) c; 
0 • • • t:) 0 0 • () r, 0 0 A ·' • ~~• • 0 
• • • ' ,-- • 0 0 • a O O • C> VO C) V,. • '-' 
o o o o· o - 0 . (;, . o o o . a' • ._ , . , & .o . c) 
• • o• Q • • ' ' ' ' • V • a • 
· :•. fl. C> ~ • · o c:,. o. e> ·.3 · • 6 0 . O . • 6 "· , 0 .o 
·. () ·a, d t? . o c) o o Cl o a . . . A :· 1:1 ••• 
-? NE o. • ' ' . . 'A . '' ' ' '. '.' ' ' ' 0 • () . . • 0, r • D () 
_ ; · .. .... ; . ·. ·. . . : . · Cove.re.c\. . c:> 0 . "·_. •• -·., • c'l • 
0 (> 0 (:) ~ cJ ,r.!/ - '-' 0 . •0 • 0 0 ... 0 ' 0 
(7 01!) ·(:)O'. .,C 'c> o.,.• 
0 .0 , . ' ' c,. (!:>' o · · . CJ. ' c) 0 . . - . , c> 
. c.t). o· . . <? .a,;; 't!> 6 <!loo~.a 
() - , {) • c) • 0 ' l) ~· c9 £) , " ~ 
Section Unit 
G-26 (a ) H 
E 
A 
A 
A 
Depth from 
surface (ft) 
0 3 
3 - 9 
9 - 25 
25 - 30 
30 - 40 
~·,nescr iption 
Silt, coarse grained, massive, 
no pebbles, brown 
Pebble-loam, coarse sand (63-37-0), 
few pebbles : Cb}Cr, granula r 
t exture, gray bravn 
Gravel, well rounded, iron stained, 
Chert>Plu>Vol, pebbles imbricated, 
dipping south 
Sand, fine to medium grained, planar · 
bedding, gently dipping west , lens 
of organic debris 
Gravel, same as above 
• 
• 
• 
G-29 NW.lz;SE\J\1E\, sec. 28, Tl51N, Rl03W 
.--, E 
Section 
G-29 (a) 
Foct 
\.l,, \on 
G'<'ovp 
Unit 
G 
G 
G 
E 
D 
D 
D 
Depth from 
surface (ft..) 
0 - 1 
1 - 1.5 
1.5 - 3 
3 - 18 
18 - 20 
20 • 23 
23 - 26 
G-31 SW\NE\NW\ , sec . 31, Tl51N, Rl02W 
32 
~ut on north side of creek 
7<Description 
Silt, poorly sorted, few pebbles, 
brown , contains black layer of 
abundant organic debris 
Gravel, poorly sorted, pebbles: 
Cb) Lim, heavy CaC03 coating Silt and clay, poorly oedded 
Pebble-loam, coarse sand (65-32-3), 
pebbles: Cb)Lim=Lig, granular 
texture 
Silt and siltyclay, poorly bedded, 
lens of organic debris 
Sand, poorly sorted, peaty layers, 
some iron-stained layers 
Gravel, poorly sorted, pebbles: 
Lim)Sed:>Scoria 
Cut on east side of creek 
{~)~-;;;;:::::~;::::::;====,=-==·==::::-=:::::==:-===·=--===:::::-===:::_ 
---75 
Section Unit 
G-31 (a ) H 
E 
D 
Depth from 
surface (ft.) 
0 - 1 
1 - 12 
12 - 24 
\ "-( '-I 
Fo<"t \Jnio"<' G"{'oup 
~·•Description 
Silt, coarse grained, yellow brown, 
contains black layer of organic 
debris 
Pebble-loam, coarse sand (63-31-6), 
pebbles: Cb:>Cr, compact, fine 
columnar joints, gray brown 
Sand, silt, clay, and gravel, heavy 
iron staining and Caco3 coating, 
pebbles: Cb>Chert>Plu 
•• 
• 
• 
G-32 
GG-55 
N\•J.!.,;SW\NW\, sec . 30, Tl51, R.102W 
J ( <.,\) 
Section 
G-32 (a) 
-:-~ -. __ · _: . ~-:-- .:_ -. - I -
I 
G 
F 
E 
D 
0 - 10 
10 - 16 
16 - 24 
24 - 36 
36 - 41 
NE\NEtNE~, sec. 27, Tl51 N, R103W 
(O-) 
Section 
GG-55 (a) 
-~ . · ·
0
-0 ·o· :o o· tJ · 
.oo·· ~-.o·o.OD:b.o, · 
o· .. o . ;o. ,o .... I!>. • 
\ E \ ; I / 
Unit Depth from 
surface (ft) 
G 
E 
0 - 7 
7 - 15 
33 
Southern end of cut on east side of creek 
Silt and clay~ lenses of organic 
debris, poorly bedded 
Sand, moderately sorted, fragments: 
quartz;, lithic; 
Gravel, sandy, pebbles : Chert>Vol> 
Cb; and Silt 
Pebble-loam, coarse sand (80-16-4), 
few pebbles: Ch,Cr>Sh, granular 
texture, fine columnar jointing, 
gray brown 
Pebble-loam, coarse sand (60-31-8), 
few pebbles: Cb, Cr» Sh, granular 
texture, gray brown, coarse 
columnar jointing 
Gravel, sandy, pebbles: Lim>Sed> 
Scoria, poorly sorted 
Cut on south side of hiway 
/ 
..,.(Description 
Gravel, sandy, pebbles : Cb)Chert, 
poorly sorted, heavy Caco3 coating Pebble-loam, pebbles: Cb>Cr>>Sh , 
c ompact , gray brown 
·k Pebble - loam : coarse .and (Cr-Cb-Sh) %, Cr (crystalline), Cb (carbonate), 
Sh (shale) 
Gravel: · Lim (limonitic), Plu (plutonic), Vol (volcanic), Sed (sedimentary) 
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Appendix C . Grain Si ze and Coarse .Sand Li t hology of Pebble-loam 
• SamQ l e 7·Gra in Size % **Coarse Sand Lithology% Number (Sd-St-Cl) (Cr-Cb-Sh) 
Unit F 
la 12-46-41 73-27-0 
2b 21-41-38 70-27-6 
3b 20-65-15 70-23-7 
5 14-37-49 76-24-0 
10 29-40-30 71-29-0 
12 a 29-33-33 67-28-4 
12 b 29-39-31 72-28-0 
13 b 44-26-30 84-12:..4 
13 a 36-40-24 93- 7-0 
20 e 40-30-30 86-14-0 
21 28-36-36 74-23-3 
32 a 30-38-31 77-19-4 
32 b 30-43-26 · 82-14-4 
33 b 28-37-35 83-15-2 
Unit E 
1 C 20-43-36 61-34-5 
1 d 18-42-40 62-38-0 
1 b 17-42-40 53-43-3 
le 20-41-39 61-36-3 
2 a 14-46-40 54-42-4 
3a 20-41-39 57-35-8 
• 
4 17-46-37 55-l~5-0 
6 22-44-33 61-35-4 
7a 20-42-3 8 68-28-4 
7 b 35-39-36 62-29-9 
7 C 23-39-37 53-38-9 
8 24-42-34 60-34-6 
9 22-35-39 56-39-5 
11 26-42-32 64-29-7 
14 f 29-38-33 66-33-1 
14 g 28-34-38 64-30-6 
14 a 28-30 -42 56-39-5 
14 b 32-39-28 65-29-6 
14 C 25-39-36 57-36-7 
14 d 33-35-31 76-20-4 
14 e 33-34-32 68-28-4 
16 a 36-39-25 65-32-3 
16 b 32-27-40 72 - 24-4 
17 . 32-31-37 63-30-7 
18 a 26-39-35 63-37 -0 
18 b 29-33-37 63-28-8 
19 a 25-37-39 52-42-7 
19 b 26-40-34 63-32-5 
20 a 30-37-33 59-40-1 
20 f 28-36-36 66-32-2 
22 24-13-66 66-31-1 
• 
23 a 20 -40-40 57-42-1 
23 b 19-40-40 54-31-13 
23 C 28-34-38 66-29-3 
35 
end i x C. (cont.) 
• le '>'<Grain Size% **Coarse Sand Lithology% (Sd-St-Cy ) (Cr-Cb-Sh) Unit E 
20-L.2-38 58:-36-6 
18-42-39 61-37-1 
20-41-39 64-36-0 
23-43 -34 60-37-3 
23-41-36 64-35-1 
30-38-32 65-33-2 
b 28-35-36 63-33-4 
22-39-38 64-34-2 
b 23-34-37 58-37-5 
C 25-40-35 60-39-1 
2 a 18-42-40 63-33-4 
2 b 26-40-34 67-31-2 
3 a 19-46-35 56-3 6-8 
3 b 21-43-36 67-28-5 
3 a 24-38-38 63-29-8 
3 b 25-42-33 63-33-4 
3 C 25-39-36 62-51-10 
3 d 27-37-35 58-31-10 
3 b 26-37-37 67-2 8-5 
3 17-46-37 64-36-0 
3 a 20-35-L.4 70-30-0 
• 
3 b 16-38-46 67-31-1 
Unit B 
20-40-39 58-24-8 
1 32-39-28 49-24-27 
2 26-39-34 55-30-15 
2 28-46-26 59-20-20 
2 31-38-31 47-25-28 
7c (sand), St ( s ilt), Cy (clay) 
-J:-k (crystalline), Cb (carbona te), Sh (shale) 
• 
36 
pp endix D. Lithology of Gravel 
• Nm ber Qtz. Plu. *Pebble Lithology% Vol. Chert Cb. Sed. Lim. Scoria 
Unit G 
38 6 14 26 so 0 1 0 3 
53 3 25 12 25 32 1 1 0 
55 0 21 5 20 48 3 1 0 
6 7 14 18 52 4 2 1 2 
Unit D 
4 1 17 4 32 1 18 18 9 
6 1 12 12 24 0 20 30 1 
9 0 8 2 11 2 28 38 13 
2 1 4 2 11 8 16 40 15 
5 0 17 3 19 2 23 36 0 
Unit A 
16 20 28 36 0 1 0 0 
7 22 17 so 0 1 2 1 
11 15 18 52 0 2 1 2 
2 24 17 54 0 2 1 0 
• 
6 23 9 54 2 2 0 3 
2 33 5 51 1 4 1 4 
* tz. (quartzite), Plu. (plutonic), Vol. (volca nic), Cb. (carbonate), Sed. (sedime nta ry), Lim . (limonitic) 
• 
t 
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EXPLANATION 
~cription of LJthostratigraphic Units 
Clay and silty clay containing organic debris and interbedded 
with silt; sand, fine: to medium grained, fragments: quartz> 
lithic; and small amo unts of gravel containing chert, qua rt~ 
zit~ and carbonate, volcanic, plutonic, and limonitic pebbles 
Silt containing organic ·debris and interbedded with clay; sand, 
poorly sorted, fragments: quartz)lithic; and gravel contain-
ing chert, quartzite, and carbonate, volcanic, plutonic, and 
limonitic pebbles coated with calcium carbonate 
Clay, sandy, silty, dark gray, ma s s ive 
Gravel, sandy, poor to moderate sorting, coated with calcium 
carbona te, pebbles: chert)carbonate)plutonic)volcanic> 
quartzite>limonitic 
Sand, poor to moderate sorting, fragments: quartz>lithic, 
interbedded with silt and gravel 
Pebble-loam, gray brown, fragments: crystalline>carbonate>> 
shale, granular texture., fine columnar jointing, generally 
l meter of silt (Unit H) overlies the pebble-loam 
Gravel, sandy, moderately sorted, iron stained, pebbles: chert> 
plutonic)volcanic>quartzite 
Sand, medium grained, moder a tely sorted, fragments: quartz>> 
lithic 
G Sentine l Butte Mudstone, siltstone, sandstone, poorly consolidated 
gray, minor beds of lignite and s coria 
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